1-(2'-Pyrido and 2'-quinolino)-(1R)-arylethylamino)-ethylidenes (7-12) were prepared as potential ligands in Pd II catalytic complexes for enantioselective allylic alkylation of 1,3-diphenyl-1-acetoxy-propene-2 (15). Alkylation with palladium complexes of 7-12 yielded 1,3-diphenyl-1-dimethylmalonyl-propene-2 (14) with enantioselectivity up to 55 % e.e. Enantioselectivity is discussed in view of the results recently reported for structurally related 1,5-bidentate dinitrogen ligands of C 1 symmetry. Reversal of enantioselectivity observed for the ligands 10 and 11 is attributed to the inversion of steric requirements in the second coordination sphere of their catalytic complexes.
INTRODUCTION
Chiral bidentate nitrogen ligands proved highly efficient in a various homogeneous catalytic processes; such as hydrosylilation of ketones, 1 cyclopropanation of alkenes, 2 Diels-Alder reaction, 3 Heck reaction, 4 allylic aminations, 5 and allylic alkylations. [6] [7] [8] [9] [10] Recent papers have confirmed versatility of the asymmetric allylic alkylation, Scheme 1, 6 as the synthetic procedure for enantioselective formation of C-C bond in acyclic [11] [12] [13] [14] [15] and cyclic 16 substrates, or in its intramolecular variant. 17 Despite of the large number of reports dealing with the activity and enantioselectivity of palladium catalytic systems in allylic alkylations, only a couple of studies was reported on the activity of C 1 symmetric 1,5-dinitrogen ligands. 18, 19 Prompted by the results published for quinolino-oxazoline ligands 1a-1c, 19 the representatives of C 1 symmetric 1,5-bidentate dinitrogen ligands, we report here with the results of comparative study of allylic alkylations by the palladium complexes of chiral Schiff bases, enamines of a-aryl-2-(2'-pyrido, or 2'-quinolino)-acetophenone 7-12.
1-Arylmethylimines of pyridyl or quinolyl-acetophenones 7-12 are characterized by their conformational flexibility, presence of the large aromatic and heteroaromatic units, and by the imine-enamine equilibrium. We have already reported preparation of some representatives, on their CD and conformational properties, 20, 21 [Pd(allyl)Cl] 2 , and other commercially available compounds were purchased from Aldrich, compounds 7-10, and 12 have been prepared as reported. 21, 22 All commercial reagents were used as received.
During usual workup all organic extracts were dried over Na 2 SO 4 or MgSO 4 and evaporated in vacuo on a Büchi rotavapor.
2-(2'-Quinolino)-2,6-dimethoxy-acetophenone (6)
All manipulations were performed in dry argon atmosphere. 2-Methyl-quinoline (1.0 g, 7.0 mmol) was added dropwise under stirring over 5 min period at -10°C to the solution of n-BuLi (2.5 M in n-hexane; 3.1 ml, 7.7 mmol), in dry ether (10 ml). Reaction mixture was stirred for 2 h, and at the same temperature added benzoate 3 (1.51 g, 7.7. mmol). After 20 h stirring at ambient temperature i-Pr 2 O (50 ml) was added and pH adjusted to 1.0 with dil. HCl. By extraction with i-Pr 2 O (3´30 ml) hydrochloride of 6 was separated. Organic extracts were washed with dil. NaHCO 3 , dried, evaporated and crude product crystallized from i-Pr 2 
1-(R)-Methyl-1-(2,6-dimethoxyphenyl)-2-(2'-quinolino)-1-ethylidenebenzylamine (11)
Compound 6 (172 mg, 0.56 mmol), (R)-1-phenylethylamine (80 mg, 0.67 mmol), and Si(OEt) 4 (208 mg, 1.0 mmol) were deaerated in toluene (2.0 ml), filtered over basic aluminum oxide, activity I, and then heated in the sealed glass tube at 160°C over 66 h. To the cooled reaction mixture CH 2 Cl 2 (20 ml) was added, and resulting mixture washed with aq. bicarbonate solution. Organic layer was separated, dried, and evaporated, and crude product crystallized on addition of small amount of MeOH. From the mother liquors second crop of 11 was obtained on evaporation and chromatography on aluminum oxide, activity II-III, with i-Pr 2 O as eluent. Combined crops were crystallized from EtOH/water and collected on filter at -20°C (53 mg, 23 %) m.p. 75-77°C.
[a] D = +982 (c = 1 g/100 ml CH 2 Cl 2 ). 1 
Dicarbomethoxy-4-phenyl-1,3-butadiene (13)
All operations were performed in argon atmosphere; CH 2 Cl 2 was dried over aluminum oxide (activity I).
To the ice-cold solution of cinnamaldehyde (freshly distilled, 1.65 g, 13 mmol) in CH 2 Cl 2 (20 ml) dimethylmalonate (DMM, 3.2 g, 2.6 mmol) was added over 15 min, under stirring, then piperidine (3 drops) and Na 2 SO 4 (5.0 g). Reaction mixture was stirred for 24 h at ambient temperature, solvent evaporated, and yellow oil crystallized on addition of MeOH (8.0 ml). On standing overnight in refrigerator 1 
1,3-Diphenyl-1-dimethylmalonylprop-2-ene (14)
Et 2 O (10.0 ml) was added on the Mg-powder (100 mg, 4.1 mmol), then bromobenzene (319 mg, 2.0 mmol) and catalytic quantity of bromine were added. Reaction mixture was heated 2.5 h under reflux in argon atmosphere, then cooled to ambient temperature, and solution of diene 13 (227 mg, 0.9 mmol) was added dropwise until yellow precipitate was dissolved. Then heating under reflux was continued for 1 h, reaction solution cooled and decanted from the solid residue, washed with std. solution of NH 4 Cl (10 ml), and worked-up as usual. Crude product was purified on silica gel column (15 silica gel), with n-hexane/i-Pr 2 O (5:2) as eluent; on crystallization from i-Pr 2 
Pd-allylation, General Method
All reactions are performed in the flame-dried vials under argon atmosphere, using standard Schlenk technique. To [Pd(allyl)Cl] 2 (2.9 mg, 7.9 mmol) dissolved in MeCN (1.0 ml, freshly distilled over CaH 2 ), was added ligand (25 mmol). Resulting solution was deaerated under argon by repeated evacuation under water-pump, then heated at 50°C for 2 h. On cooling to ambient temperature compound 15 (126 mg, 0.5 mmol) was added, Schlenk tube was spilled with MeCN (0.8 ml), then DMM (370 mg, 2.8 mmol), BSA (570 mg, 2.8 mmol) and KOAc (2.0 mg) were added. The reaction went to completeness at 50°C overnight. On cooling CH 2 Cl 2 (5.0 ml) was added, and reaction solution washed with std. aqueous NH 4 Cl solution (5.0 ml). Organic phase was dried, solvent removed and crude product purified by flash chromatography on 30 g silica gel, with n-hexane/i-Pr 2 O (5:2) as eluent. Fractions with pure 14 were collected and evaporated to dryness; determination of yield and e.e. was performed on such chromatographically pure material; HPLC conditions; Chiralcel OD-H column, 25´0.46 cm, pre-column Chiralcel OD, 5.0 cm, eluens n-hexane/i-PrOH (99:1).
RESULTS AND DISCUSSION
To prepare final ketimines 7-12 in the satisfactory yields, (R)-1-arylethylamines and ketones 4-6 were heated in the presence of tetraethoxysilane at 160°C under inert atmosphere, Scheme 2. According to the 13 C and 1 H NMR data, newly prepared bulky ketone 6 is present in the solution completely in the enamino-enolic form, as we already observed for similar quinolino-ketones. 20, 21 The signals for the enolic C-atom at 157 ppm, and for the N-H proton at 15.19 ppm, hydrogen bonded to the carbonyl O-atom, can be observed. Besides, the signals for the methylenic (CH 2 ) group protons and carbon are absent from the ATP spectra of 6.
Improving reported procedures, 23,24 racemic 14 was prepared as HPLC standard in ca. 50 % overall yield according to sequence of reactions outlined in the Scheme 3, and resolved on a Chiralcel OD-H column. Compound 15 was prepared according to the method reported in literature. 25 Its enantioselective alkylation to the enantiomerically enreached 14 was performed by the catalytic complexes of 7-12 formed from [Pd(h 3 -C 3 H 5 )Cl 2 ], and using a mixture of dimethylmalonate (DMM), N,O-bis(trimethylsilyl)acetamide (BSA) and potassium acetate to generate malonate anion according to the protocol of Pfaltz et al., 26 Scheme 4.
After having established general procedure, allylic alkylation was performed with in situ prepared Pd II complexes of 7-12. The results presented in the Table I reveal the variation of e.e. up to 55 % e.e., comparable with e.e.s obtained with ligands 1a-c (44-69 %). 19 Large variation of the chemical yield was regularly observed, and is attributed to the sensitivy of the catalytic complex to the trace impurities in the solvent or substrate.
Remarkably, in the series 7-12 ligands 10 and 11 afford (S)-14, whereas other ligands give (R)-14. Reversal of enantioselectivity observed for 10 and 11 results from the inversion of the larger and smaller group close to the stereogenic center. In the ligands 7-9 and 12 aryl group bound to stereogenic center is larger than the heteroaromatic unit, while in the compounds 10 and 11 it is smaller then the quinoline moiety. In the recent studies of Moberg et al. 27, 28 such inversion of the enantioselective bias has been reported for 6-substituted pyrido-oxazolines, and explained by the formation of palladium complexes with different conformations. We have therefore compared stable conformations of the previously reported ligands I with those of the ligands 7-12, creating 3D structures optimized by MM2, Figure 1 .
Substantial conformational difference resides in the position of the larger group R; in the ligands 1a-c; it is psudoaxial while in the ligands 7-12 it can adopt various conformations.
In conclusion, we have shown for 1,5-dinitrogen ligands 7-12 that the reactivity and enantioselectivity in allylic alkylation catalyzed by their Pd II complexes resambles to those obtained with some structurally related 1,5-dinitrogen ligands. Chiral second sphere around metal atom is invoked to explain the inversion of enantioselectivity with complexes of 10 and 11 as compared to the complexes of 7-9 and 12. 
